Deficits in development of central cholinergic pathways caused by fetal nicotine exposure: differential effects on choline acetyltransferase activity and [3H]hemicholinium-3 binding.
Nicotine has been hypothesized to induce neurobehavioral teratology by mimicking prematurely the natural developmental signals ordinarily communicated by the ontogeny of cholinergic synaptic transmission. In the current study, the effects of fetal nicotine exposure (2 mg/kg/day or 6 mg/kg/day) on development of central cholinergic pathways were examined in striatum and hippocampus of animals exposed from gestational days 4 through 20, using maternal infusions with osmotic minipumps. Brain region weights and choline acetyltransferase activity, an enzymatic marker for development of cholinergic nerve terminals, were within normal limits in the nicotine-exposed animals. However, development of [3H]hemicholinium-3 binding which labels the presynaptic high affinity cholinergic transporter, was deficient in both striatum and hippocampus. Abnormalities occurred during two distinct phases; in the early neonatal period, when [3H]hemicholinium-3 binding sites are transiently overexpressed, and during or after the period of rapid synaptogenesis, when binding in controls is rising consequent to the increase in nerve impulse activity. These data thus indicate that fetal nicotine exposure, even at doses that do not cause overt signs of maternal/fetal/neonatal toxicity or growth impairment, influences both specific gene expression of cholinergic nerve terminal markers, as well as indices of neuronal function. Comparison of regional selectivity at the two dose levels indicated greater sensitivity of the striatum, a region with a prenatal peak of neuronal mitosis, as compared to hippocampus, where mitosis peaks postnatally; the regional differences are consistent with vulnerability to nicotine during a critical phase of cell development.